ABSTRACT. We investigated the ultrasonic imaging characteristics of transplanted kidneys with delayed graft function (DGF). Ultrasonography was performed in 44 patients after kidney transplantation, and a time-intensity analysis was performed to compare the differences between patients with normal graft function (NGF) and those with DGF. Compared with the NGF group, the DGF group had earlier arrival time, shorter time to peak, and higher arrival intensity and peak intensity (P < 0.05). The variation-ofintensity parameters in different renal cortices increased, whereas the variation-of-time parameter decreased, in those with DGF (P < 0.05). In conclusion, compared with the NGF group, the microcirculation perfusion of transplanted kidneys in the DGF group showed higher perfusion with earlier arrival time, shorter time to peak, and higher arrival intensity and peak intensity. In addition, the 6879 ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 13 (3): 6878-6884 (2014) Ultrasonic imaging of delayed graft function intensity variations of contrast agent in different renal cortices from patients with DGF were greater, whereas the variations in perfusion time were smaller than those in patients with NGF.
INTRODUCTION
Delayed graft function (DGF) is one of the most common complications after kidney transplantation. Previous studies have indicated that DGF incidence ranges from 4% to 10% in patients receiving a live graft (Perico et al., 2004) and from 5 to 50% in patients receiving a cadaver graft (Ojo et al., 1997; Sellers et al., 2000; Gjertson, 2000) . Factors that can increase the risk for DGF include local ischemia due to long-term freezing and rewarming, an older donor, brain death or abnormal cardiovascular hemodynamics of the donor before kidney removal, a healthier recipient, and the use of drugs toxic to the kidney (Shoskes and Halloran, 1996; Ojo et al., 1997) . The incidence of DGF in patients receiving a graft from a donor with cardiovascular disease is 20% higher than that in those receiving a graft from a healthy donor (Sola et al., 2004) . Because of the wide range of possible contributing factors, there is still no effective way to prevent DGF.
With compensation, renal function in patients with DGF after kidney transplantation can remain stable in the short term. However, previous studies have indicated that DGF can promote acute rejection, which is closely correlated with decreased graft survival during the late phase, and is also an independent risk factor for cytomegalovirus infection and hypertension after kidney transplantation (Sola et al., 2004; Tapiawala et al., 2010) . Therefore, early diagnosis and treatment of DGF is critical for protecting graft function. Serum creatinine level and glomerular filtration rate are the most commonly used indicators of transplanted kidney function in clinical practice. However, studies suggested that these parameters do not accurately reflect transplanted kidney function, and that there is no precise index available for clinical evaluation (Brier et al., 2003; Marcén et al., 2010) . Therefore, it is critical to seek methods for early prediction and treatment of DGF. Contrast-enhanced ultrasonography (CEUS) is a novel non-invasive method for evaluating organ microcirculation (Correas et al., 2006; Barozzi et al., 2010) , and has the potential to provide unique advantages in the early diagnosis of DGF. Our study investigated the potential utility of CEUS in diagnosing DGF by comparing CEUS differences between patients with DGF and those with normal graft function (NGF). We also investigated the use of CEUS for providing reference values for the clinical diagnosis and treatment of DGF.
MATERIAL AND METHODS
This study was supported by The Third Affiliated Hospital of Guangzhou Medical University; the study protocol and ethics were approved by this institution. Informed consent was provided by all patients participating in the study. Subjects were patients undergoing allograft kidney transplantation between May 2010 and May 2012. A diasonograph (GE LogiQ 9) and a broadband 4C convex array probe equipped with CEUS technology and time-intensi-ty curve (TIC) software were used. On the fifth day after kidney transplantation, patients who received an allograft underwent CEUS examination with a probe with a mechanical index of 0.08-0.13 after receiving a bolus injection of 1.2 mL contrast agent (SonoVue) into the superficial vein of the right forearm. Maximal section imaging with full observation of the renal cortex was recorded for TIC analysis.
Two regions of interest (ROI) with stable images in the same cortex area with a frame of 10 x 10 mm were selected and quantitatively analyzed independently by 2 radiologists. The means of the DGF and NGF groups were used for statistical analysis. TIC analysis values included: arrival time (AT 1 , AT 2 ), time to peak (TTP 1 , TTP 2 ), absolute TTP (ATTP 1 , ATTP 2 ), arrival intensity (AI 1 , AI 2 ), peak intensity (PI 1 , PI 2 ), terminal intensity (TI 1 , TI 2 ), area under the curve (AUC 1 , AUC 2 ), and differential indices of the 2 ROIs.
Clinical and biochemical examinations were performed for 3 consecutive weeks to assign the recruited subjects into 2 groups. Criteria for inclusion in the DGF group included: 1) early-stage postoperative oliguria, anuria, or diuresis with a subsequent sudden drop of urine volume and recovery to normal within days or weeks; 2) slow decrease or sudden increase of serum creatinine level in the absence of a decrease to 400 µmol/L within 1 week of surgery; 3) gradual increase of serum potassium level with a slow increase or obvious decrease of hemoglobin; and 4) complications such as hypotension, hypertension, edema, or chest congestion.
Criteria for inclusion in the NGF group included: 1) gradual recovery of urine volume to normal range within 1 week of surgery (i.e., daily urine volume between l500 and 2000 mL); 2) no complications such as hyperthermia, oliguria, graft swelling, tenderness, or hypertension; and 3) no acute tubular necrosis of graft or toxic drug nephropathy.
Continuous variables are reported as means ± SD, and categorical variables are expressed as a rate or percentage. Differences between the 2 groups were compared using the SPSS17.0 software, with the independent t-test for continuous variables and the χ 2 test for categorical variables. P < 0.05 was the threshold for significance.
RESULTS
A total of 44 patients (29 men and 15 women) with a mean age of 44.23 ± 14.89 years were recruited. There were no significant differences between the DGF group (N = 20) and the NGF group (N = 24) ( 
Time indices comparison
AT 1 , TTP 1 , ATTP 1 , TTP 2, and ATTP 2 values in the DGF group were 10.59 ± 2.22 s, 20.84 ± 2.61 s, 10.26 ± 2.93 s, 20.59 ± 3.26 s, and 9.91 ± 3.29 s, respectively. These values were significantly shorter than those in the NGF group (12.67 ± 4.11 s, 25.96 ± 7.95 s, 13.23 ± 7.62 s, 26.24 ± 8.04 s, and 14.06 ± 7.51 s, respectively) (P < 0.05). This indicated that the AT of the contrast agent into the graft and the TTP in the DGF group were quicker than those in the NGF group. There was no significant difference in AT 2 between the 2 groups ( AT = arrival time; TTP = time to peak; ATTP = absolute time to peak; DGF = delayed graft function; NGF = normal graft function.
Intensity indices comparison
The AI 1 , AI 2 , and PI 1 values in the DGF group were -71.57 ± 4.05, -73.34 ± 3.18, and -47.06 ± 4.39 dB, respectively; these values were higher than those in the NGF group (-75.02 ± 1.54, -75.69 ± 1.55, and -51.57 ± 2.99 dB, respectively). The differences were significant (P < 0.05). There were no significant differences in PI 2 , TI 1 , TI 2 , AUC 1 , or AUC 2 values between the 2 groups ( Table 3 . Intensity indices comparison of the delayed (DGF) and normal graft function (NGF) groups. AI = arrival intensity; PI = peak intensity; TI = terminal intensity; AUC = area under the curve; DGF = delayed graft function; NGF = normal graft function.
Analysis of TIC variation
The AT and ATTP variation of the 2 ROIs in the DGF group were 0.19 ± 0.10 s and 0.95 ± 0.65 s, respectively; these values were significantly smaller than those in the NGF group (0.74 ± 0.65 and 1.54 ± 1.08 s, respectively) (P < 0.05). The differential AI and PI values of the 2 ROIs in the DGF group were 2.14 ± 1.13 and 2.63 ± 2.18 dB, respectively; these values were significantly larger than those in the NGF group (0.79 ± 0.57 and 1.24 ± 0.77 dB, respectively) (P < 0.01). These results suggest that the perfusion time variation of contrast agent in the renal cortex of the DGF group was smaller than that of the NGF group, whereas the perfusion intensity variation of contrast agent in the renal cortex of the DGF group was larger than that of the NGF group. There were no significant differences in TTP 1,2 , TI 1,2 , or AUC 1,2 between the 2 groups ( Table 4 . Variation analysis of the time-intensity curve in the delayed (DGF) and normal graft function (NGF) groups.
AT = arrival time; TTP = time to peak; ATTP = absolute time to peak; AI = arrival intensity; PI = peak intensity; TI = terminal intensity; AUC = area under the curve; DGF = delayed graft function; NGF = normal graft function.
DISCUSSION
DGF manifests as the immediate loss of acute function of the transplanted kidney, and is one of the most common complications after transplantation. DGF not only complicates treatment after kidney transplantation, but also prolongs hospitalization, increases associated costs, and increases the risk of graft morbidity after surgery, acute and chronic rejection, chronic nephropathy, and function loss in the early stages. A previous study has indicated that DGF increases the incidence of graft function loss by 41% and acute rejection by 38% during the first year, and that serum creatinine levels remain high for a prolonged period (Yarlagadda et al., 2009) .
The occurrence of DGF is affected by many factors; injury to the transplanted kidney resulting from ischemic reperfusion plays an important role. Using a thermal dissipation probe inserted into the cortex of the transplanted kidney, Angelescu et al. (2003) found lower microcirculatory perfusion in DGF patients than in patients with a normally functioning transplanted kidney. In addition, ischemic reperfusion has been shown to result in increased serum levels of endothelin and endothelin-1, but decreased levels of the vasodilator nitric oxide, which increases vascular resistance in the transplanted kidney (Schilling et al., 1996; Huang et al., 2002; Inman et al., 2003; Perico et al., 2004; Zlotnick et al., 2010) .
CEUS is an effective non-invasive technique that uses an ultrasonic contrast agent to evaluate the microcirculation of organs and tissues. The application of CEUS in the examination of transplanted kidneys allows observation of dynamic blood perfusion and distribution in the transplanted kidney, and can allow quantitative analysis of the perfusion of the transplanted kidney through TIC analysis. Currently, CEUS is used most often in studies related to diagnosis of acute and chronic rejection after kidney transplantation, and provides guidance for clinical treatment in such cases.
There have been very few studies of the use of CEUS in kidney transplantation in patients with DGF. Early diagnosis and treatment of DGF can effectively protect the function of the transplanted kidney, improving the prognosis and reducing postsurgical complications. Although there are many methods for diagnosing DGF in the clinic, most of them that must be combined with clinical laboratory tests are not precise, and can take a week to complete, which can result in delayed diagnosis or misdiagnosis. Therefore, for this study, we chose the time window of 5 days after surgery to diagnose and analyze DGF, distinguish early complications such as acute rejection, renal artery thrombus and stenosis, and identify ureter obstruction. Therefore, CEUS can, in theory, evaluate microcirculatory changes in transplanted kidneys and provide a reference for targeting early clinical treatment. Unfortunately, there are few related studies providing conclusive data.
In our study, the microcirculatory perfusion in the transplanted kidneys of patients in the DGF group showed earlier AT and TTP, higher AI and TTI, and a larger variation of contrast agent intensity in different renal cortex regions of the same graft than those in patients in the NGF group. This suggests that transplanted kidneys in DGF patients have a higher rate of perfusion, which differs across different cortex regions.
The higher transplanted kidney perfusion rate may be related to the inflammatory response induced by DGF. This is consistent with the results of a previous study showing increased interleukin-8 levels and elevated numbers of neutrophilic granulocytes in the urine of DGF patients (Yarlagadda et al., 2008) . The different perfusion intensities in different regions of the renal cortex suggest uneven distribution of resistance to renal microcirculation in DGF patients, which may be related to the pathological changes of terminal vasculature induced by ischemic reperfusion in the transplanted kidney (Inman et al., 2003; Huang et al., 2002) . This may also be the mechanism of difference in the study by Angelescu et al. (2003) (Figure 1 ).
In addition, our study indicates that the perfusion time variation is smaller in different renal cortices in DGF patients, which may be related to the dilation of small and medium-sized arteries; however, this needs to be confirmed. In summary, CEUS and TIC are useful in the evaluation of the microcirculation of transplanted kidneys, and can provide reference values for early diagnosis and treatment of DGF. 
